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METHODS AND APPARATUS FOR SIMULTANEOUSLY CHARGING 
MULTIPLE RECHARGEABLE BATTERIES 

FIELD OF THE INVENTION 

5 [0001] The invention relates generally to chargers for rechargeable batteries of mobile 

electronic devices. In particular, embodiments of the invention relate to a method for 
simultaneously charging the battery inside a mobile electronic device and a second 
battery for the mobile electronic device. 

BACKGROUND OF THE INVENTION 

10 [0002] Many users of mobile electronic devices have a second battery on hand for use 

when the battery in the mobile electronic device is discharged. After discharging both 
batteries, a user will want to recharge the two batteries as quickly as possible. 

[0003] Current options include the following: 

a) Fully charging one battery using the charging circuitry in the mobile electronic 
15 device and an external power adapter, then exchanging the two batteries to charge the 

second battery. 

b) Charging one battery using the charging circuitry in the mobile electronic device 
and an external power adapter, and simultaneously charging the second battery in an 
external battery charger; 

20 c) Charging one battery using the charging circuitry in the mobile electronic device 
connected to a dual-output external battery charger, with the second battery connected 
to the other output of the external battery charger. The external battery charger 
charges the batteries in sequential order without user intervention, or trickle charges 
one of the batteries while charging the other battery at full rate until it is fully 
25 charged, or gives one battery priority and provides all available current to that battery 
and any remaining current that can be supplied to the charger is provided to the 
secondary battery. 

[0004] These options either extend the charge time by charging the batteries in 
sequential order, by keeping one battery in slow-rate trickle charge imtil it is fully 
30 charged, or require the user to carry two separate charging accessories with them. 
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SUMMARY OF THE INVENTION 

[0005] In some embodiments of the invention, charging currents from a single current 
source may be allocated to two or more separate charging ports having two or more 
rechargeable batteries coupled respectively thereto so that the two or more 
5 rechargeable batteries will be fully charged at substantially the same time. Relative 
amounts of charge required to fully charge the two or more rechargeable batteries 
may be determined. A charging current allocated to a particular charging port may be 
determined at least in part on an average current drain during usage of the 
rechargeable battery coupled to the particular charging port. 

1 0 [0006] In some embodiments of the invention, a charger has a single current source 

and two or more separate charging ports. The charger includes a current allocator to 
allocate charging currents from the single current source to the two or more charging 
ports. The charger also includes a controller to determine the charging currents so 
that two or more rechargeable batteries coupled respectively to the two or more 
15 charging ports will be fully charged at substantially the same time. 

[0007] The charger may include one or more lookup tables and a measurement unit to 
measure voltage differences at the two or more charging ports. The controller may 
determine from the one or more lookup tables an amount of charge required to fully 
charge a battery based on the measured voltage difference, a battery type, and an 
20 average current drain of the battery during usage. 

[0008] A particular one of the rechargeable batteries may be inside a battery-operated 
device. The controller may receive a voltage of the particular rechargeable battery 
from the battery-operated device. The charger may include one or more look up 
tables, and the controller may determine from the one or more lookup tables an 
25 amoimt of charge required to fully charge a battery based on the received voltage, a 
battery type, and an average current drain of the battery during usage. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0009] Embodiments of the invention are illustrated by way of example and not 
limitation in the figures of the accompanying drawings, in which like reference 
numerals indicate corresponding, analogous or similar elements, and in which: 

5 [0010] FIG. 1 is simplified front view of a charger, a battery-operated device and a 

battery, in accordance wdth some embodiments of the invention; 

[001 1] FIG. 2 is a simplified block diagram of a charger, a battery-operated device 
and a battery, in accordance with some embodiments of the invention; 

[0012] FIG. 3 is a simplified block diagram of a charger and two batteries, in 
10 accordance with some embodiments of the invention; and 

[0013] FIG. 4 is a flowchart of an exemplary method for simultaneously charging 
multiple rechargeable batteries, according to some embodiments of the invention. 
[0014] It will be appreciated that for simplicity and clarity of illustration, elements 
shown in the figures have not necessarily been drawn to scale. For example, the 
15 dimensions of some of the elements may be exaggerated relative to other elements for 
clarity. 
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DETAILED DESCRIPTION OF EMBODIMENTS OF THE INVENTION 

[0015] In the following detailed description, numerous specific details are set forth in 
order to provide a thorough understanding of embodiments of the invention. 
However it will be understood by those of ordinary skill in the art that the 
5 embodiments of the invention may be practiced without these specific details. In 
other instances, well-known methods, procedures, components and circuits have not 
been described in detail so as not to obscure the invention. 

[0016] Reference is made to FIG. 1, which is simplified front view of a charger 2, a 
battery-operated device 4 and a battery 6, in accordance with some embodiments of 
10 the invention. Charger 2 may have, for example, two charging ports 8 and 10. 
Battery-operated device 4 is coupled to charging port 8 and battery 6 is coupled to 
charging port 10. 

[0017] Charger 2 may be capable of simultaneously charging the battery of battery- 
operated device 4 and battery 6. In some embodiments of the invention, charger 2 
15 may have more than two charging ports, and may therefore be capable of 
simultaneously charging more than two batteries. For example, a charger according 
to some embodiments of the invention may have five charging ports, and may be 
capable of simultaneously charging one, two, three, four or five batteries. 

[0018] Reference is now made to FIG. 2, which is a simplified block diagram of 
20 charger 2, battery-operated device 4 and battery 6, in accordance with some 
embodiments of the invention. Battery-operated device 4 may include a battery 5 and 
charging circuitry 7. Charger 2 may have, for example, two charging ports 8 and 10, 
having respective positive terminals 12 and 14, and respective negative terminals 16 
and 18. 

25 [0019] For charger 2 to charge battery 5, a positive terminal 20 of battery 5 may be 

coupled to positive terminal 12 of charging port 8 via charging circuitry 7 and a 
negative terminal 22 of battery 5 may be coupled to negative terminal 16 of charging 
port 8 via charging circuitry 7. Similarly, for charger 2 to charge battery 6, a positive 
terminal 24 of battery 6 may be coupled to positive terminal 14 of charging port 10 
30 and a negative terminal 26 of battery 6 may be coupled to negative terminal 18 of 
charging port 10. 
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[0020] Reference is made additionally to FIG. 3, which is a simplified block diagram 
of charger 2 and batteries 5 and 6 to be charged, in accordance with some 
embodiments of the invention. Many of the elements in FIG. 3 are the same as or 
similar to elements of FIG. 2, and therefore the following description applies equally 
5 to FIG. 2 and FIG. 3. 

[0021] Charger 2 may include a current source 28, a current allocator 30, a controller 
32 and a measurement unit 34. Current source 28 may be capable of providing a 
current 36 of, for example, 500 milliamps (mA). Current allocator 30 may receive 
current 36, and may be capable of allocating a current portion 40 of current 36 to 
10 charging port 8 and a current portion 42 of current 36 to charging port 10. For 
example, current portion 40 may be 140 mA and current portion 42 may be 360 mA. 
[0022] The allocation proportions of current 36 to current portions 40 and 42 may be 
controllable, at least in part, by controller 32 via control signals 38. 

[0023] According to some embodiments of the invention, controller 32 may 
15 optionally receive battery type identifications 45 and 46 from batteries 5 and 6, 
respectively . (In the case of battery 5 coupled to the charging port via battery- 
operated device 4, as shown in FIG. 2, charging circuitry 7 may obtain the battery 
type identification from battery 5 and pass the information onwards to controller 32.) 
Controller 32 may comprise one or more look up tables 48 containing information 
20 regarding one or more types of batteries. Such information may include, for example, 
the maximum charge capacity, the average current drain from the battery during 
usage, and the estunated relationship between the output voltage of the battery and the 
unused capacity of the battery. 

[0024] According to other embodiments of the invention, the type of batteries 5 and 
25 6, and optionally the average current drain fi-om batteries 5 and 6 during usage may be 

known in advance. For example, mechanical constraints may mean that only one type 
of battery can be coupled to charging port 8 or to charging port 10. 

[0025] Measurement unit 34 may be capable of measuring the voltage difference 
between positive terminal 12 and negative terminal 16, and may be capable of 
30 measuring the voltage difference between positive terminal 14 and negative ter minal 
18. 
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[0026] Measurement unit 34 may be controlled, at least in part, by controller 32. 
Controller 32 may command measurement umt 34 via signals 52 to measure the 
voltage difference between positive terminal 12 and negative terminal 16, and may 
receive the measurement result from measurement unit 34 via signals 54. In addition, 
5 controller 32 may command measurement unit 34 via signals 52 to measure the 
voltage difference between positive terminal 14 and negative terminal 18, and may 
receive the measurement result from measurement unit 34 via signals 54. 

[0027] In some situations where battery 5 is included in battery-operated device 4, 
and battery-operated device 4 is coupled to charging port 8, the voltage difference 
1 0 between positive terminal 1 2 and negative terminal 1 6 may not represent the voltage 
of battery 5. In such situations, battery-operated device 4 may report the actual 
voltage of battery 5 to controller 32 via a data path 55. 

[0028] Controller 32 may use look-up table 48 to determine the charge in the battery 
coupled to the charging port from the measurement of the voltage difference and the 
1 5 average current drain from the battery during usage. 

[0029] FIG. 4 is a flowchart of an exemplary method for simultaneously charging 
multiple rechargeable batteries, according to some embodiments of the invention. 
The exemplary method of FIG. 4 may be executed by controller 32, although the 
invention is not limited in this respect. 

20 [0030] Controller 32 may check whether any batteries are coupled to charging ports 8 

and 10 (100). If no battery is coupled to charging ports 8 and 10 (102), the method 
may continue to block 100. However, if at least one battery is coupled (to either 
charging port 8, charging port 10, or to both), controller 32 may determine the types 
of the coupled batteries (104). The difference between the maximum charge capacity 
25 and the charge in the battery is determined for each of the coupled batteries (106). 
For example, this difference is determined by measuring the battery’s voltage and 
obtaining the corresponding information from look up tables 48 for the average 
current drain from the battery during usage. 

[0031] The charging current for each of the coupled batteries is set (e.g., current 
30 portions 40 and 42) so that all coupled batteries may become fully charged at 
substantially the same time (108). 
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[0032] From time to time, the method may repeat from block 100 in order to detect 
changes in the number and type of coupled batteries, and to adjust the charging 
currents accordingly, and to adjust the charging currents according to the progress of 
the charging process. 
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[0033] The following table lists an example where battery 5 is charged to 60% of its 
maximum capacity and battery 6 is charged to 40% of its maximum capacity. 

Table 1 





Battery 5 


Battery 6 


maximum capacity 


600 mAh 


1000 mAh 


charge in battery 


360 mAh 


400 mAh 


amount of charge required 
to fully charge battery 


240 mAh 


600 mAh 


time required to fully 
charge battery 


240 mAh/ 

(current portion 40) 


600 mAh / 

(current portion 42) 



5 [0034] In the example given in FIG. 1, the total available current (current 36) is 500 

mA. Therefore, the sum of current portion 40 and current portion 42 may not exceed 
500 mA. 

[0035] In order for both battery 5 and battery 6 to be fully charged at substantially the 
same time, current allocator 30 will allocate current portion 40 to battery 5 and 
1 0 current portion 42 to battery 6 according to the following calculation: 

240 mAh * (current portion 42) = 600 mAh * (current portion 40) 

240 mAh * (500 - current portion 40) = 600 mAh * (current portion 40) 

current portion 40 = 142 mA 

current portion 42 = 358 mA 

15 [0036] Since the charge profile of rechargeable batteries is not linear in nature, 

controller 32 may recheck the charge of the batteries from time to time so that current 
allocator 30 can readjust the charge allocation accordingly. 

[0037] While certain features of the invention have been illustrated and described 
herein, many modifications, substitutions, changes, and equivalents will now occur to 
20 those of ordinary skill in the art. It is, therefore, to be understood that the appended 
claims are intended to cover all such modifications and changes as fall within the 
spirit of the invention. 
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